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2Motivation
Many monomethyl derivatives of unsaturated heterocyclic 
five-membered rings studied by microwave spectroscopy
Barriers to internal rotation of the methyl group are 
unpredictable.
Only one rule has 
been found out: 
Sulfur substitution 
decreases the 
barrier height.
No dimethyl 
substituted version
32,5-Dimethylthiophene
Heterocyclic five-membered ring
Unsaturate
Dimethyl substituted
C2v symmetry
Conformational analysis
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Two conjugated double bonds force the thiophene frame to 
planarity  only one conformer is possible.
1 imaginary vibrational mode (bending vibration of the ring) 
(well-known spurious result for MP2/6-311++G(d,p) 
calculations)
Various methods/basis sets
Predicted V3 potentials
5
Predicted barrier height:  1 = ∠(S15,C12,C10,H4), 1° step width
Various methods/basis sets
Negligible contributions of higher order terms
Geometry optimizations to 
a first order transition state 
of one methyl group using 
the Berny algorithm
cc-pVTZ
61 and 2 : rotations of the two methyl groups
MP2 and B3LYP/6-311++G(d,p) levels of theory 
No significant coupling between the two tops
Potential energy surfaces
MP2 B3LYP
Group theory
7
Molecular symmetry group : G36
Different symmetry labels available (from different product 
decompositions of G36) : 
➔ direct product 𝑪𝟑𝒗
− × 𝑪𝟑𝒗
+ (Dreizler)
➔ degeneracy letter A, E, G and a running index using 
permutation-inversion group (Bunker and Jensen)
Our work: semi-direct product (𝑪𝟑
𝑰 × 𝑪𝟑
𝑰 ) ⋊ 𝑪𝟐𝒗 (introduced bw
Ezra and Altmann) using two intrinsic 𝑪𝟑 groups of the 
internal rotors, which is an invariant subgroup of G36, 
decomposes into four orbits under 𝑪𝟐𝒗
Symmetry labels
Group theory
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One representative of each orbit forms the first part of the 
symmetry label, e.g. (01).
σ = 0, 1, 2 : A, Ea, Eb of the group C3
Each orbit  little co-set (subgroups of C2v)  second part of 
the symmetry labels
Symmetry labels
Character table of G36
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Direct 
product
𝑪𝟑𝒗
− × 𝑪𝟑𝒗
+
(Dreizler)
Character table of G36
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permutation-
inversion group 
(Bunker and 
Jensen), A, E, G 
and a running 
index 
Character table of G36
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Semi-direct 
product
(𝑪𝟑
𝑰 × 𝑪𝟑
𝑰 ) ⋊
𝑪𝟐𝒗
(Similar to 
Erham)
Character table of G36
12
Spin statistical 
weight 
calculated from 
256 nuclear spin 
functions arising 
from 8 protons
Group theory
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Dipole moment vector Γμ = 𝟎𝟎 ∙ 𝐀𝟐
Selection rules: 𝚪𝐢 × 𝚪𝛍 × 𝚪𝐣 ⊃ 𝟎𝟎 . 𝐀𝟏
If Ka and Kc are known, the torsional state can be labeled 
conveniently by the first part (σ1,σ2) of the full symmetry label. 
Selection rules
Microwave spectrum
Broadband scan
High resolution
Series of automatically recorded spectra in the high resolution mode
250 kHz step width, 50 decays per step
Frequency range : 8.5 – 12.0 GHz
Line widths in the range 10 – 25 kHz  measurement accuracy better
than 2 kHz
Doppler effect; carrier gas: helium
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Molecular beam FT microwave spectroscopy 
2 – 26.5 GHz Cavity (Aachen) and 26.5 – 40 GHz Cavity (Paris)
Microwave spectrum
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321 ← 312
A typical high resolution spectrum
Only b-type transitions
J ≤ 7 and Ka ≤ 5 
16
Molecular parameters
XIAM
16
Molecular parameters
XIAM
16
Molecular parameters
XIAM
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2,5-Dimethylthiophene vs. 2,5-Dimethylfurane 
440.7543(19) cm1247.95594(30) cm1
XIAM works well in both cases, but we only have J ≤ 7 and 
Ka ≤ 5
Erham or PAM-C2v-2tops are much more suited for higher 
J and Ka transitions as well as torsional excited states.
